INTRODUCTION
============

Designing an outreach program concerning food fermentation for nonscience participants offers an opportunity to introduce the basic principles of microbiology and their application in food preservation. Yogurt fermentation can be used as an active learning tool in which participants learn the principles of aseptic technique, hygiene and sanitation of kitchen equipment, preparation of a substrate and bacterial cultures, and control of the fermentation process in order to create a safe product. This program can be adapted to microbiology courses at the undergraduate level to help students understand the concept of food fermentation and its process control.

Yogurt is well known as a type of fermented milk that contains lactic acid--producing bacteria (LAB) and provides nutritional benefits for human health in improving gastrointestinal function and increasing longevity ([@b1-jmbe-20-15], [@b2-jmbe-20-15]). Certain LAB are typically used in yogurt fermentation, such as *Lactobacillus delbrueckii* ssp. *bulgaricus, L. acidophilus*, and *Streptococcus thermophilus*, which convert lactose to lactic acid ([@b3-jmbe-20-15], [@b4-jmbe-20-15]). The combination of these LAB in yogurt fermentation contributes to the acidity, taste, and texture of the end product ([@b1-jmbe-20-15]). Before the fermentation process, sugar and sweetener may be added to milk to increase the viability of LAB, thus increasing yogurt acidity by decreasing its pH ([@b2-jmbe-20-15], [@b5-jmbe-20-15]).

Commercial yogurt containing certain sugars and LAB species can be easily found in any grocery store. However, some Indonesian families prefer to make their own yogurt at home because it is cheaper and considered healthier. The family members can choose their preferred milk to be fermented, which may include low fat, skim, full-cream, or flavored milk. In addition, they can determine the amount of sugar added to the milk and select their own LAB starters, which are commercially available. While yogurt fermentation is usually performed in a closed fermenter in an aseptically controlled room, yogurt can also be made at home using LAB culture starters and applying proper hygiene and sanitation procedures. Since the family members know and understand the ingredients and composition of their homemade yogurt, they tend to be convinced that it is healthier than the commercial ones. Some family members may even start to produce homemade yogurt for small-scale business purposes. Therefore, they require fundamental knowledge and skills to properly conduct the yogurt fermentation process. In this outreach activity, we provide training to residents in Bogor, Indonesia, for simple and feasible yogurt production methods scaled for home use.

PROCEDURE
=========

The participants were residents of Bogor, Indonesia, allocated into eight groups of five. They prepared and sanitized the kitchen equipment according to the yogurt making procedure ([Appendix 1](#sup1){ref-type="supplementary-material"}). All glass jars, wooden stirrers, and stainless steel spoons were washed with soap, rinsed with clean water, sanitized by soaking in boiling water, air dried, sprayed with 70% v/v ethanol, and air dried again. The yogurt making process was performed in three steps: preparation of the starter cultures, preparation of milk, and fermentation ([Appendix 1](#sup1){ref-type="supplementary-material"}). It was followed by a sensory evaluation of pre-made yogurt that had been previously prepared by the instructors in a controlled laboratory setting and the homemade yogurt that was produced by the participants during the outreach program. Pre-made yogurt made with the same recipe was used to train and familiarize the participants with the sensory properties of yogurt, including taste, texture (consistency), aroma, and color.

Two types of LAB starter culture were used as the inoculum and four types of milk as the substrates. In the food fermentation laboratory, single-strain cultures of *L. delbrueckii* ssp. *bulgaricus* and *S. thermophilus* were previously prepared by the instructors by growing the pure cultures of LAB into pasteurized skim milk and incubating them at 37 °C for 16 to 18 h ([@b6-jmbe-20-15]). Another type of inoculum was a commercial plain yogurt which contained live cultures of *L. delbrueckii* ssp. *bulgaricus* and *S. thermophilus*, as was described in the packaging label. Different types of milk were purchased from a grocery store, including skim milk, pasteurized full-cream (whole) milk, ultra-high temperature (UHT)--processed full-cream milk, and UHT-processed low-fat milk. All milk was purchased in liquid form, except for powdered skim milk. Sugar was added to the powdered skim milk, which was then dissolved in pre-boiled water and pasteurized at 85 °C for 15 min. Through this step, participants were taught the importance of heat treatment on the milk substrate and the effect of sugar addition on the finished yogurt. Sugar was added to skim milk to provide an additional carbon source for the LAB ([@b7-jmbe-20-15]). The pasteurized milk and UHT milk were warmed to 40 °C and used directly for inoculation without any additional ingredients. The concentration of the commercial plain yogurt that was used as the inoculum was doubled from the single-strain cultures to counteract the potential dilution of bacterial count in the commercial product. This treatment could mimic the backslopping technique used in various food fermentation ([@b8-jmbe-20-15]).

All glass bottles containing inoculated milk were placed on a clean, disinfected bench. Milk fermentation was performed at room temperature (28--30 °C) for 24 hours, instead of using an incubator, to mimic the limitation of equipment in the home kitchen. The fermentation required a longer incubation time due to the lower temperature in the incubation location. Such modifications and reasoning were explained to the participants to demonstrate how to control bacterial growth. After fermentation, participants were asked to analyze the pH, to observe the texture, color, and aroma, and finally to taste the yogurt ([Appendix 2](#sup1){ref-type="supplementary-material"}).

SAFETY ISSUES
=============

Yogurt making was done in a home-scale kitchen following procedures that had been approved by the quality assurance team at the Faculty of Biotechnology, Atma Jaya Catholic University of Indonesia. This activity is considered exempt from the requirement of Institutional Review Board (IRB) approval. In addition, food fermentation is a common practice in many Indonesian households, and they are able to safely produce traditional fermented foods across generations, such as *tape* (fermented cassava), *tempe* (fermented soybean), and *dadih* (fermented buffalo milk). The risk of possible foodborne pathogen contamination can be minimized by following laboratory safety practices and ensuring good personal hygiene and sanitation procedures ([@b9-jmbe-20-15], [@b10-jmbe-20-15]), all of which were taught during the training. Single-strain starter cultures of food-grade LAB were prepared by the instructors in the laboratory following ASM BSL1 guidelines ([@b10-jmbe-20-15]). The other activities conducted during the outreach program were done by the participants under careful monitoring by the instructors and laboratory assistants. Several control measures were applied to maintain food safety and avoid failure of fermentation, such as aseptic technique and application of proper fermentation temperature and time during sanitation, milk pasteurization, and fermentation. The success of yogurt fermentation was characterized by lactic acid production, which decreases the pH, increases the consistency, and inhibits the growth of spoilage and pathogenic microorganisms ([@b2-jmbe-20-15], [@b8-jmbe-20-15]).

ASSESSMENT
==========

Upon completion of the sensory evaluation of the pre-made yogurt samples, participants were asked to record the pH and sensory properties of their own yogurt, evaluate the difference of each treatment, and choose their preferred yogurt ([Appendix 2](#sup1){ref-type="supplementary-material"}). The average final pH after fermentation was 4.5. Participants also learned that different milk types, which varied in their fat content, contributed to the consistency (texture) and mouthfeel of the yogurt. The lower the fat content, the thinner the consistency of the yogurt, except for skim milk made with 15% skim milk powder and 4% sugar, which would increase the consistency of the yogurt. Yogurt made with skim milk and sugar was the preferred yogurt due to its mild acidic taste and medium thick consistency. The addition of sugar before fermentation could increase the sweetness and provide a mild acidic taste to the yogurt since some sugars were converted into lactic acid. Both types of starter cultures could be used to produce yogurt. The results also confirmed the importance of milk pasteurization and kitchen cleanliness to achieve successful fermentation.

A questionnaire was provided to assess the participants' interest in learning activities ([Appendix 3](#sup1){ref-type="supplementary-material"}). Since most of the participants (87.5%) had never made yogurt at home, they found that these learning activities were interesting and provided them with new knowledge and instructions that were easy to follow. Almost all participants (97%) even tried to reproduce their own yogurt at home, reporting to the instructors every week for a month.

CONCLUSION
==========

This outreach program was designed to train families from a nonscience background residing in Bogor to make yogurt at home. It was intended to introduce some fundamental concepts of microbiology, such as how to utilize "good" bacteria in food application, how to control microbial growth through proper heat treatment and inoculation of starter cultures, and how to enrich the environment to support LAB metabolism. The participants' interest in these learning activities suggests that the yogurt-making activity could serve as an effective active learning tool for nonscience participants, particularly regarding the food fermentation process. Furthermore, the experiments could be modified for undergraduate level microbiology laboratory courses.
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======================
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